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Clavacin is an antibiotic substance derived from Aspergillus clavatus and from
a number of related molds (1). It was shown to be active, in vitro, against some
dermatophytes including Trichophyton gypseum, Trichophyton purpureum,
Microsporon audouini and also against Monilia albicans and Cryptococcus neo-
formans (2).
The present study extends these investigations and discusses the mechanism
of the action of clavacin upon the test organisms.
The test fungi were Trichophyton violaceum, Trichophyton suiphureum,
Trichophyton schoenleini, Microsporon lanosum, Epidermophyton floccosum,
and also Sporotrichum scheneki as a representative of the fungi producing deep
mycoses. Control organisms which had already proven their sensitivity to
clavacin were also employed, including Monilia albicans, Trichophyton gypseum,
Trichophyton purpureum and Microsporon audouini.
Since crystalline clavacin could not be obtained a culture filtrate was ob-
tained from a strain of A. clavatus of our own stock cultures. The fungus was
grown in a liquid medium which contained 40 Gm. dextrose and 10 Gm. peptone
in 1,000 cc. of distilled water. The inocula were kept at 28 C. for 7 days and the
viable material separated by passage through a Seitz filter. The amber colored
filtrate was kept at ice box temperature. To determine the influence, if any, of
the hydrogen ion concentration upon the activity of the filtrate the latter was
divided into two parts; one part was adjusted to a pH of 4.0 and the other part to
a pH of 5.8. A second batch of culture filtrate was prepared which was inferior
in potency to the former. It also was employed at pH values of 4.0 and 5.8
respectively. The absolute potency of both batches, expressed in content of
clavacin, was not known.
METhOD
Fragments from the test fungous cultures were placed into test tubes contain-
ing 10 cc. of the various culture filtrates. Two inoculations were made for each
hydrogen ion concentration and for each batch of filtrate, amounting to 8 inocula
for each fungus and assay. The inoculated tubes were kept at room temperature.
Two, 7 and 9 days later, particles of the inocula were removed from the filtrates
and, after thorough rinsing in sterile distilled water, transplanted upon dextrose-
peptone agar slants. Only one tube of each pH and potency was used for trans-
plantations while the other remained undisturbed. The inocula in the filtrates
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and the transplants on the agar slants were observed for evidence of fungous
growth, at intervals of 3 to 5 days, for at least 21 days.
RESULTS
The investigation of T. gypseum, T. violaceum, M. audouini, M. lanosum, and
E. fioccoswn is complete while S. schencki, T. schoenleini and T. suiphureum de-
mand some amplification.
The results of 26 assays are summarized in table 1.
S. schencki showed no appreciable inhibition by the weak filtrate at both PH;
M. albicans was not influenced by the potent filtrate at p115.8.
T. gypseum was inhibited and killed by the potent filtrate at a pH of 4.0; the
potent filtrate of pH 5.8 and the weak filtrate of both pH did not produce fungi-
cidal or fungistatic effect.
M. lanosum was inhibited and killed by both the strong and weak filtrate at
pH 4.0. At 5.8 no growth was visible in the potent filtrate, but the first trans-
plant revealed evidence of growth after 19 days of incubation. The later trans-
plants did not grow. In the weak filtrate of pH 5.8 some inocula developed
growth. Particles from the apparently sterile inocula revealed vigorous growth
when the transplantation was done not later than 2 days after exposure to the
filtrate.
T. schoenleini and T. sulphureum were inhibited and killed by the potent
ifitrate at pH 4.0. T. purpureum was inhibited and killed by the potent filtrate
at both pH. It was inhibited by the weak filtrate at both pH, but transplants
from pH 4.0 after 7 days' exposure, and from pH 5.8 after 9 days' exposure, re-
vealed fungous growth.
M. audouini, T. violaceum and E. fioccosum were inhibited and killed by the
potent and weak filtrate at both pH.
COMMENT
These experiments reveal that culture filtrates of A. clavatus possess a wider
range of action than previously reported. All dermatophytes tested were shown
to be susceptible. M. albicans and S. seheneki were not demonstrably influ-
enced; the former, however, was shown in earlier reports to react to some extent
to higher concentrations of clavacin and long exposures (2).
The effect was determined by the following factors: the type of fungus, the
potency of the filtrate (presumably identical with the clavacin concentration in
the filtrate), the time of contact of fungus and filtrate, and the hydrogen ion
concentration of the filtrate. (See photographs 1 and 2.)
In the table the lungi were arranged in their order of sensitivity. The highest
degree of resistance was shown by M. albicans and S. scheneki. T. gypseum
possessed a higher degree of sensitivity; it was killed by the potent filtrate at a
low pH. M. lanosuin, more susceptible, was killed by both filtrates at pH 4.0,
but showed some growth at pH 5.8. The position of T. schoenleini and T.
suiphureum is tentative until more information will be available; both were killed
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TABLE 1
WEAL FILTRATE POTENT PILTEATE
pH 4.0 pH 5.8 pH 4.0 pH 5.8
E. fioccosum
Transplant III 0 0 0 0
Transplant II 0 0 0 0
Transplant I 0 0 0 0
Inoculum 0 0 0 0
T. violaceum
Transplant III 0 0 0 0
Transplant II 0 0 0 0
Transplant I 0 0 0 0
Inoculum 0 0 0 0
M. audouini
Transplant III 0 0 0
Transplant II 0 0 0 0
Transplant I 0 0 0 0
Inoculum 0 0 0 0
T. purpureum
Transplant III 0 + 0 0
Transplant II + + 0 0
Transplant I + + 0 0
Inoculum 0 0 0 0
T. suiphureum
Transplant III 0
Transplant II 0
Transplant I 0
Inoculum 0
T. schoenleini
Transplant III 0
Transplant II 0
Transplant I 0
Inoculum 0
M. lanosum
Transplant III 0 0 0 0
Transplant II 0 0 0 0
Transplant I 0 + 0 +
Inoculum 0 + 0 0
Transplant I = after 2 days' incubation
Transplant II = after 7 days' incubation
Transplant III = after 9 days' incubation
+ = fungous growth
o = no fungous growth
• = no information available
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TABLE 1—Concluded
WEAK EILTLATE POTEN'X PILTRATE
pH 4.0 pH 5.8 pH 4.0 pH 5.8
T. gypeuin
Transplant III + + 0 +
Transplant II + + 0 +
Transplant I + + 0 +
Inoculum + + 0 +
S. scheneki
Transplant III + + . .
Transplant II + + .
Transplant I + + . .
Inoculum + + . .
M. albicans
Transplant III . . +
Transplant II . . . +
Transplant I . . . +
Inoculum . . +
by the potent filtrate at pH 4.0. Both filtrates were fungistatic for T. purpureum
the more potent also killed the fungus at both hydrogen ion concentrations. The
highest degree of sensitivity was revealed by M. audouini, T. violaceum and E.
floccosum.
That the more potent filtrate, presumably containing clavacin in higher concen-
tration, exerts a greater antifungal power was exemplified by T. purpureum and
T. gypseum. The potent filtrate inhibited and killed the former while the action
of the less potent filtrate was mainly fungistatic. The latter was not influenced
by the weak filtrate but it was killed by the potent filtrate at pH 4.0.
The influence of length of contact between filtrate and fungus was illustrated
by M. lanosum and T. purpureum. Transplants of the former, from inoctda
exposed for 2 days showed growth upon culture medium while later transplants
remained sterile. Transplants of T. purpureum from inocula exposed for 7 days
grew while after 9 days no growth took place.
The effect of the hydrogen ion concentration upon the antifungal action of the
filtrates could be best illustrated by fungi with medium sensitivity. (See photo-
graph 3.) Fungi highest in the scale of sensitivity were killed, and fungi lowest
in the scale remained alive, independent of more or less acid pH. (S. schencki,
T. purpureum, M. audouini, T. violaceum, and E. inguinale). T. gypseum, for
instance, was not influenced by the potent filtrate of pH 5.8; a change of the pH to
4.0 however, produced both fungistatic and fungicidal effect. M. lanosum grew
in the weak filtrate at pH 5.8 while the same filtrate at pH 4.0 inhibited and killed
the fungus. This phenomenon could be observed to some extent also with T.
purpureum. It may be assumed that it operated as a general principle but
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FIG. 1
FIG. 2
FIGs. 1 AND 2. First test tube of each group of four contains the inoculum in the potent
filtrate. The following tubes contain transplants on solid media, made at intervals of 2, 7,
and 9 days.
1) Responses to the filtrate vary with type of fungus. M. lanosum is of medium sensi-
tivity; E. fioccosum is highly susceptible.
2) Less acid pH is less effective than more acid pH, demonstrated on M. lanosum.
3) Effect depends also on time of exposure. Two days of exposure of M. lanosum at pH
5.8 permits growth; seven and 9 days inhibit growth.
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escaped demonstration by the overwhelming influence of the other determining
factors; that is, sensitivity of fungus, potency of filtrate and time of exposure.
That the high degree of acidity alone was not responsible for the antifungal
effect can be shown on T. gypseum and T. purpureum. The former grew well in
the weak filtrate at pH 4.0 but was inhibited and killed by the potent filtrate of
the same p1-I. T. purpureum, kept for seven days in the weak filtrate at pH 4.0,
grew upon transplantation, but none of the transplants from the potent filtrate
of the same pH showed evidence of growth.
FIG. 3. It shows the influence of a weak filtrate at pH 4.0 and 5.8 resp., upon fungi of
various degrees of susceptibility.
T. gypseum, relatively little susceptible, was not influenced at both pH.
T. purpureum, of medium sensitivity, grew at pH 5.8, butwas killed at pH 4.0.
M. audouini, very sensitive, was killed at both pH.
It is noteworthy that the data relating to pH and antifungal power are in agree-
ment with previous reports. Peck and his coworkers demonstrated that the
antifungal power of human sweat increased with an increase in the hydrcgen ion
concentration. They also showed that the fungistatic and fungicidal action of
sodium propionate solutions decreased above pH 6.0. Similar results with the
latter were obtained by Keeney (3).
SUMMARY
Culture filtrates of Aspergillus clavatus revealed fungistatic and fungicidal
tction, in vitro, upon a variety of dermatophytes including Trichophyton
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gypseum, T. purpureum, T. violaceum, T. schoenleini, M. audouini, M. lanosum,
and E. floccosum. M. albicans and S. schencki were not appreciably influenced.
The different fungi vary in their susceptibility to the filtrates. The degree of
susceptibility increases in the following order: T. gypseum, M. lanosum, T.
purpureum, M. audouini, T. violaceum, E. floccosum.
Three other factors determined the effect of the filtrates, namely, the potency,
the time of contact with the test fungi, and the hydrogen ion concentration.
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